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CENTRIFUGAL SEPARATOR 

FIELD OF THE INVENTION 

The invention relates to a centrifugal separator of the 
type that continuously receives a stream of liquid to be 
separated and provides separated streams. 

BACKGROUND OF THE INVENTION 

In some centrifuges that continuously receive a 
stream of blood and provide separated streams of blood 
components, collection chambers have had three out 
lets, one for removing the heavy red blood cells at a 
radially outward position in the chamber, one for re 
moving the lighter plasma at a radially inward position 
in the chamber, and one for removing the white blood 
cells and platelets of interest at the interface between 
the red cell layer and the plasma layer. The outlets are 
connected to respective pumps via tubing to a rotating 
seal or equivalent seal-less rotating tube structure. 

In our U.S. Patent No. 4,094,461, which is hereby 
incorporated by reference, we disclosed a collection 
chamber in which a dam was placed behind the white 
cell outlet, to block ?ow past it of the white cell inter 
face but permit flow of red cells and plasma; the plasma 
outlet was positioned behind the dam at generally the’ 
same radial position, as the interface outlet for the pur 
pose of maintaining the interface position at the white 
cell outlet to provide ef?cient white cell removal. In a 
commercial embodiment of the device described in said 
patent, a four-channel rotating seal was used to connect 
the inlet tube and three collection tubes to three pumps. 

SUMMARY OF THE INVENTION 

We have discovered that by combining the flow of 
two collection tubes of a continuous centrifugal separa 
tor into a combined collection tube, we can very ef? 
ciently use the pumps to control flow rates in the tubes. 
This can permit the use of fewer pumps for a given 
number of tubes, to simplify the control operation, or 
can permit the use of an additional outlet in the collec 
tion chamber, to provide improved control of the re 
moval of separated fractions. 

In preferred embodiments there are four outlets, an 
interface outlet located at a radially intermediate posi 
tion in front of a darn, a red cell outlet located at a 
radially outward position, a plasma outlet located at a 
radially inward position, and a separate interface outlet 
located at an intermediate interface position behind the 
dam, the tubes connected to the interface outlet and the 
red blood cell outlet being combined together. In such 
a structure, the separation channel can be automatically 
primed because all of the air is removed through the 
plasma outlet; the blood interface sets up quickly be 
'cause the prime saline solution is removed through the 
plasma port, and the interface is more stable because the 
flow rate through the interface positioning outlet is 
reduced as compared to that in US. Patent No. 
4,094,461. 

Other advantages and features of the invention will 
be apparent from the following description of the pre 
ferred embodiment thereof and from the claims. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The drawings will be described ?rst. 
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Drawings 
FIG. 1 is a diagrammatic perspective view of a cen 

trifugal separator according to the invention. 
FIG. 2 is a sectional view of a collection chamber 

(with all four outlets diagrammatically shown in a row, 
to show relative radial positions) connected to an inlet 
chamber and a separation channel of the FIG. 1 appara 
tus. 
FIG. 3 is a plan view of said collection chamber. 
FIG. 4 is a vertical sectional view, taken at 4-—-4 of 

FIG. 3, of said collection chamber. 
FIG. 5 is a vertical sectional view, taken at 5—5 of 

FIG. 3, of said collection chamber. 
FIG. 6 is a horizontal sectional view, taken at 6-6 of 

FIG. 4, of said collection chamber. 

Structure 

Referring to FIGS. 1 and 2 there is shown centrifugal 
separator 10 including circular disposable centrifuge 
separation channel 12, inlet chamber 13, collection 
chamber 14, and input‘and collection tubes 16 con 
nected to pumps 18, 20, 22, and 24 via a seal-less multi 
channel rotation connection means (not shown)-of the 
well-known type shown, e.g., in US Patent No. 
4,146,172. Referring to FIGS. 1 and 2, tubes 16 include 
whole blood input tube 26 connected to inlet 28, white 
blood cell collection tube 30 connected to white cell 
collection outlet 32, plasma collection tube 34 con 
nected to plasma collection outlet 36, red cell collection 
tube 38 connected to red cell collection outlet 42 and 
interface positioning collection tube 40 connected to 
interface positioning outlet 44. Tube 38 is 3.82” long and 
has an inner diameter of 0.094"; tube 40 is 3.74" long 
and has an inner diameter of 0.023”, and tubes 38, 40 are 
joined at junction 46 to combined collection tube 48. 

Referring to FIG. 2, it is seen that inlet chamber 13 
and collection chamber 14 are sealed to each other by 
the mating of extension 54 of inlet chamber 13 with slot 
56 of collection chamber 14. Separation channel 12 is 
similarly sealed to inlet chamber 13 by mating with slot 
58 of inlet chamber 13 and to collection chamber 14 at 
its opposite end by mating with slot 60 of collection 
chamber 14. In FIG. 2, plasma collection outlet 36 is 
shown diagrammatically closer to the end of collection 
chamber 14 than it is; its proper position, as shown in 
FIGS. 1 and 3, is next to interface positioning outlet 44. 

Referring to FIGS. 3—6, the structure of collection 
chamber piece 50 is shown in more detail. Referring to 
FIG. 4, it is seen that extending acrosscollection cham 
ber piece 50 is dam 62 having a horizontal piece 64 
extending in the upstream direction and vertical piece 
66 at the downstream end of it. As is seen in FIG. 5, 
white cell collection outlet 32 begins in front of vertical 
piece 66. Gap 67 is below horizontal piece 64 to permit 
the flow of red blood cells past darn 62, and a gap 68 is 
at the top of vertical piece 66 to permit the ?ow of 
plasma past dam 62. As is seen in FIG. 6, vertical piece 
66 is curved in horizontal section with its most down 
stream portion just beyond white cell collection outlet 
32. 

Plasma outlet 34 is at the most radially inward posi 
tion in collection chamber 14 (FIGS. 2, 4). Referring to 
FIGS. 2 and 5, it is seen that red cell collection outlet 42 
is at the most radially outward position in chamber 14. 
White cell collection outlet 32 is about midway between 
the top and the bottom of dam 62. Interface positioning 
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outlet 44 is slightly further outward than the radial 
position of white cell collection outlet 32. 

OPERATION 

In operation, separation channel 12 is supported by a 
rotating bowl (not shown), e.g., like that that shown in 
U.S. Patent No. 4,094,461, and whole blood is supplied 
by inlet tube 26 to inlet 28 of inlet chamber 13. The 
whole blood travels through separation channel 12 and 
is subjected to centrifugal forces, resulting in stratifica 
tion of the blood components. The components deliv 
ered to collection chamber 14 are thus Strati?ed, the red 
blood cell components being at the most radially out 
ward position, the plasma being located at the most 
radially inward position and the white blood cells and 
platelets being located at the interface between the two. 

In collection chamber 14 the interface is located at 
white cell collection outlet 32 and is directed by dam 62 
to outlet 32 where the white cells and platelets are re 
moved and pumped by pump’18. The red blood cells 
travel through gap 67 and are removed at red cell col 
lection outlet 42, and the plasma travels through gap 68 
and is removed at plasma collection outlet 34. The 
white cells and platelets are prevented from moving to 
outlet 44 by dam 62. 

Behind dam 62, interface positioning outlet 44 re 
moves the desired amount of plasma and red cells neces 
sary to maintain the interface at about the position of 
outlet 32. Red cells in collection line 38 and the red cells 
and plasma in interface positioning tube 40 are joined 
together at junction 46 and are removed by combined 
collection tube 48. The sum of the flows through inter 
face positioning outlet 44 and red cellcollection outlet 
42 is controlled by pump 24. The diameter of red cell 
collection tube 38, which conveys the dense, viscous 
red blood cells, is greater than that of interface position 
ing tube 40, to permit relatively unrestricted flow 
through it of the red blood cells. 

If the interface at outlet 44 moves radially inward, the 
red cell component begins to flow through tube 40, but 
at a reduced ?ow rate, because the red cell component 
is more viscous than the plasma component. This re 
duced ?ow causes the plasma component to increase, 
pushing the interface radially outward back to the 
proper position. Similarly, if the interface moves radi 
ally outward from outlet 44, the less viscous plasma 
component flows through outlet 44, and the plasma will 
relatively quickly flow through it, causing the interface 
to return to the position of outlet 44. 
By having plasma collection outlet 36 at the radially 

most inward position and separate from the interface 
positioning outlet, many advantages are realized. For 
example, channel 12 can be automatically primed and 
more quickly primed, because all air leaves through 
plasma outlet 36. The interface is very stable because 
the volume of ?ow through interface positioning outlet 
44 is small. Fewer platelets are removed with the 
plasma and lost in plasma exchange, because plasma 
outlet 36 is remote from the cellular elements. 
By combining two tubes 38, 40 at junction 46 and 

using combined collection tube 48, the number of tubes 
that must go through the seal-less rotation connection 
mechanism is still kept at four, and the number of pumps 
is still four. This is very advantageous, because it pro 
vides the improved interface control without increasing 
the number of pumps and the number of channels in the 
seal-less rotation connection mechanism. 
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OTHER EMBODIMENTS 

Other embodiments in the invention are within the 
scope of the following claims. 
For example, four pumps are not needed for the one 

inlet, three-outlet arrangment shown in FIG. 1. Instead 
one could have one inlet pump and two outlet pumps, 
or three outlet pumps; in each case the flow through the 
unpumped inlet or outlet would be determined by the 
flow rates of the other three. Also, in addition to, or 
instead of, making tube 40 smaller in diameter than tube 
38, ?ow could be made more restricted in tube 40 than 
in tube 38 by making tube 40 longer than tube 38. 
What is claimed is: 
1. A centrifugal separator comprising 
a circular centrifuge separation channel having an 

inlet for receiving a liquid to be separated and an 
outlet for providing components of said liquid in 
separated layers at different radial locations, 

an inlet tube for delivering said liquid to be separated 
to said inlet, 

a collection chamber for receiving said separated 
layers, said collection chamber having ?rst, second 
and third outlets for removing components at dif 
ferent locations in said chamber, 

?rst, second and third collection tubes connected to 
said ?rst, second and third outlets respectively, 

said ?rst and second collection tubes being joined 
together so that the combined flow of said two 
tubes flows in a combined collection tube, and 

two pumps connected to control flow rates in said 
inlet tube, said combined collection tube and said 
third collection tube, said pumps being located 
externally of, and not rotating with, said separation 
channel and collection chamber, whereby a single 
pump can be used to remove liquid from and sec 
ond outlets. 

2. The separator of claim 1 wherein said ?rst and 
second collection tubes and at least a portion of said 
combined collection tube are adapted to rotate with said 
separation channel and collection chamber and further 
comprising multichannel means for conveying liquid in 
said combined collection tube and said third collection 
tube to said pumps, whereby joining the streams of said 
?rst and said outlets upstream of said multichannel 
means reduces the number of channels of said multi 
channel means. 

3. The separator of claim 2 wherein said third outlet 
is at a radially intermediate position in said collection 
chamber, and further comprising a darn behind said 
third collection outlet, said dam blocking flow past it at 
a radially intermediate position in said chamber, but 
permitting flow at radially inward and outward posi 
tions. 

4. The separator of claim 3 further comprising a ‘ 
fourth collection tube connected to a fourth collection 
outlet positioned at a radially inward position, and 
wherein said ?rst outlet is located at a radially outward 
position, and said second outlet is located a radially 
intermediate position behind said dam, said ?rst outlet 
being‘ a red cell outlet, said second outlet being an inter 
face positioning outlet, said third outlet being a white 
cell collection outlet, and said fourth outlet being a 
plasma outlet. 

5. The separator of claim 4 wherein said second col 
lection tube is smaller in diameter than said ?rst collec 
tion tube so as to restrict flow through it of the denser, 
more viscous component at radially outward positions. 

6. The separator of claim 4 wherein said second col 
lection tube is longer in length than said ?rst collection 
tube. 
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